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Introduction

Cerebrospinal fluid (CSF) leakage is a challenging and undesir-
able complication of endoscopic transsphenoidal skull base
surgery. Todate no consensus has been reached regardingwhich
material or combination ofmaterials andwhich technique is the
most appropriate for the reconstruction of osteo-dural defects.1

Over the past few years, several materials—autologous, eterol-
ogous, and synthetic—have been proposed in the repair of CSF

leaks,2–6 especially since the wider indication for extended
transsphenoidal approaches has focused the attention on this
issue.1,2,7,8 Synthetic materials tend to be used less often. A
multilayer techniquewith autologous fascia lata seems to be the
most effective among the free grafts, due to its characteristics of
texture andconsistency that aresimilar todura.1,4,7Homologous
banked cadaveric fascia lata offers these same advantages,
avoiding the complication of autologous harvesting.9,10 In our
preliminary series of 16 patients who underwent
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Abstract Objectives Cerebrospinal fluid (CSF) leakage is an undesirable complication of trans-
sphenoidal skull base surgery. The issue of the most appropriate sellar dura repair
remains unresolved, although a multilayer technique using autologous fascia lata is
widely used. We describe the novel application of a homologous banked fascia lata graft
as an alternative to an autologous one in the reconstruction of sellar dura defects in
endoscopic transsphenoidal surgery.
Design The clinical records of patients who underwent endoscopic transsphenoidal
surgery at our department from June 2012, when we started using homologous fascia
lata, up to July 2014 were reviewed retrospectively. The data concerning diagnosis,
reconstruction technique, and surgical outcome were analyzed.
Results We treated 16 patients successfully with banked fascia lata. Twelve patients
presented intraoperative CSF leakage, and four patients were treated for postoperative
rhinoliquorrhea. Banked fascia lata was used in a single-to-multilayer technique,
depending on the anatomical features of the defect and of the sellar floor. No
complications or failures in sella reconstruction occurred.
Conclusion A banked fascia lata graft proved reliable and safe in providing an effective
sellar dura reconstruction. Used in a multilayer strategy, it should be considered a viable
alternative to an autologous fascia lata graft.
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transsphenoidal endoscopic skull base surgery, we present the
novel application of banked cadaveric fascia lata used success-
fully to repair intraoperative or postoperative CSF leaks.

Methods and Materials

Patient Population
We retrospectively reviewed the database of all patients who
underwent endoscopic transsphenoidal surgery at our institu-
tion from June 2012,whenwe started using homologous fascia
lata grafts for sellar dura reconstruction, up to July 2014. All the
data concerning diagnosis, indication for reconstruction, tech-
niques, along with the surgical outcomes, were analyzed
(►Table 1). All patients signed an informed consent for surgery
and were made aware of the use of homologous tissue.

Banked Fascia Lata
Fascia lata harvesting in the tissue bank at our institution
follows the transplantation legislation in force concerning
collection, handling, processing, conservation, and distribu-
tion of human tissues for clinical use. The surgical procedure
of cadaveric fascia lata retrieval follows a strict and certified
protocol. The harvesting is performed in a safe environment
to preserve the original properties of the tissue. The donor is
thoroughly screened for the most important viruses includ-
ing human immunodeficiency virus (HIV), hepatitis C virus,
hepatitis B virus, and cytomegalovirus. After processing, the
tissue is frozen at � 160°C in liquid nitrogen gas. This proce-
dure also decreases the potential for graft rejection due to
histocompatibility receptors. A cryoprotectant is used to
maintain the integrity of the cell membranes and the vitality
of the cells after unfreezing. The tissue is available for clinical
use 40 minutes after request.

Operative Technique
All patients were operated on with general anesthesia, in a
supine position with the head slightly lifted, by means of a
4-mm, 0-degree lens rigid endoscope. The standard surgical
technique proceeded through the usual nasal, sphenoid, and
sellar phases. As always during transsphenoidal approaches,
particular attention is paid toward an accurate dissection of
the anatomical layers, isolating and preserving bone and
dural margins. The dural opening is tailored in proportion
to the lesion, and care is taken to preserve a portion of the
sellar floor to serve as a rigid support for reconstruction after
its demucosization. All these factors allow prearranging a
watertight reconstruction when necessary.

After the lesion has been removed—or, in the cases of
postoperative rhinoliquorrhea, after the sella has been emptied
from previous materials—the sellar space is usually packed with
an autologous fat patch (►Fig. 1A), harvested from the abdomen
through a 2-cm-long incision. Three layers of banked cadaveric
fascia lata are usually set up and shaped after the defect in a
roughly oval fashion. The fascia lata aspect originally facing
muscular tissues is the stickier one, and during reconstruction
it is oriented inward. Conversely, the aspect originally facing the
subcutaneous tissues is oriented externally toward the sphenoid
sinus. The first layer is placed intradurally, with a surface

exceeding the dural defect by 25 to 30% (►Fig. 1B). It is usually
rather easy to arrange, provided the intrasellar fat patch is there
to keep it in place. The second layer is placed extradurallywithin
the bone margins (►Fig. 2). Different reasons make this layer
difficult to set, such as the easy displacement of the intradural
layer and the demanding detachment and isolation of the bone
margin both laterally toward the cavernous sinuses and superi-
orly toward the planum-tuberculum or inferiorly toward the
clivus. Suchmaneuvers can be very tricky at times. Consequent-
ly, this layer is usually smaller, exceeding the bone defect surface
by� 15 to 20%, and its complete underlay underneath the bone
is not always feasible (►Fig. 3). The third and last fascia layer is
extrasellar, placed on the previously demucosized posterior
sphenoid sinus wall (►Fig. 4). Fibrin glue is then used as an
external overlay in most cases. The same technique is used for
both intraoperative CSF leakage and the repair of postoperative
CSF fistulas.

Results

A total of 67 consecutive patients underwent endoscopic
transsphenoidal surgery during this period. Banked homolo-
gous fascia latawas used in 16 patients, 8 females and 8males,
ranging in age from 8 to 73 years (mean: 49.5; median: 48). In
12 cases the endoscopic repair was performed right after the
removal of the lesion, given the evidence of CSF leakage.
Seven patients underwent surgery for pituitary adenoma
(two patients for a recurrence); two patients for an intra-
suprasellar craniopharyngioma, one patient was treated for
an intrasuprasellar arachnoid cyst, one for an intra-supra-
sellar germinoma, and one for a clival chordoma. Instead four
patients underwent the repair of a postoperative CSF fistula
after previous transsphenoidal endoscopic surgery in two
cases of pituitary adenomas with significant suprasellar
extension, one case of Rathke cleft cyst, and one case of a
microadenoma secreting adrenocorticotropic hormone with
an empty sella. The endoscopic repair occurred within a time
interval ranging from postoperative day 7 to day 32. In all
cases, the CSF leak was a grade 2 or 3 according to the grading
system presented by Esposito et al.3

Surgical Outcome
The reconstruction technique entailed different fascia lata layer-
ing, varying from one to three depending on the anatomical
features of the defect and of the surrounding structures. In five
patients the fascia lata was arranged in a triple-layer fashion
(intradural, extradural, and extrasellar) (►Fig. 5). In eight cases
two layers were used for reconstruction, and in the remaining
three patients a single fascial layerwasused. The fascia lata patch
was routinely laid in association with autologous abdominal fat
graft and fibrin glue in variable combinations (►Table 1). A
lumbar CSF diversion was used in a total of nine cases. It was
always used in the group of four patients who underwent a
postoperative CSF fistula repair and was maintained for an
average of 7 days. In the group of patients treated for intra-
operative CSF leakage, four cases had the lumbar drain preemp-
tively placed just after the procedure and kept for an average of
7 days; in one case it was inserted in the third postoperative day
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for a dubious CSF leak and maintained for 8 days during which
no rhinoliquorrhea was observed.

In all 16 cases there was no evidence or persistence of CSF
fistula during the postoperative course or during the follow-
up (ranging from 1 to 22 months). Thirteen of the 16 patients
underwent regular postoperative endoscopic ear, nose,
throat checks, during a variable time interval ranging from
15 days to 9 months (►Table 1). Neither CSF leaks nor other
complications were noted, and an adequate integration of the
homologous material was observed.

Discussion

Standard and extended transsphenoidal approaches to the
sella and the anterior cranial base often entail the opening
of a large communication channel between the intradural

space and the nasal cavity, with the risk of CSF leak and
related complications such as meningitis and tension
pneumocephalus.1–3,6,7,11–17The rationale of sellardura repair
in CSF leakage is to create a watertight-protective barrier. The
issue of the most appropriate intraoperative reconstruction of
the anterior skull base, as well as of the repair of postoperative
CSF fistulas, remains unresolved. This topic has become
increasingly important with thewider application of extended
endonasal endoscopic surgery.1,6,13 Numerous reconstruction
techniques and materials—autologous, eterologous, and
synthetic—havebeendescribed.2–5,8,13,14,18–26 Several authors
advocate the use of a pedicled flap, especially in extended
approaches.7,22,27,28 In the decision-making process, the
endoscopic surgeon should consider the potential morbidity
and technical difficulty of a vascularized flap versus free tissue
grafts.4

Fig. 1 Endoscopic view. (A) The intrasellar fat patch is in place. (B) View of the intradural homologous fascia lata layer. c, clivus; cp, carotid
protuberance; dm, dura mater; id, intradural; if, intradural fat; sf, sellar floor.

Fig. 2 Endoscopic view of the extradural layer of the homologous
fascia lata. ed, extradural; sf, sellar floor.

Fig. 3 The extradural layer is only partially arranged underneath the bone
margins. c, clivus; cp, carotid protuberance; ed, extradural; es, extrasellar.
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According to the literature, the fascia lata seems to be the
preferred autologous free grafting material and is most effective
whenused in amultilayer technique.1,4,7 It is easy toharvest and
largegrafts canbeobtained, it heals verywell, and its texture and
consistency are similar to dura.4 Nevertheless, the procedure of
autologous fascia lata harvesting entails a skin incision, exposing
the patient to the risk of donor site complications such as
infections, hematoma, wound dehiscence, problems with

walking, and the cosmetic appearance of the scar.10,12,17,29

When harvested from the thigh, autologous fascia lata prolongs
the overall surgical time.29 In light of these reasons, we consid-
ered using banked homologous fascia lata. Themost established
use of banked fascia lata grafts is in orthopedic procedures.29

Another common application is described for urologic and
gynecologic surgery for the treatment of stress urinary inconti-
nence and in ophthalmologic surgery for the treatment of
ptosis.10,29,30 Its novel application in abdominal wall repair
was recently reported.31

The tissue bank of our hospital is widely renowned, provid-
ing service to several hospitals in northern Italy. Cadaveric
grafts havebeenused for several years at our institution,where
spinal surgery in particular takes advantage of homologous
bone grafts and human pericardium is used as a dural substi-
tute during craniotomies. The use of cadaveric tissues may be
of concern because of the potential transmission of infectious
diseases, with a risk of HIV transmission estimated as 1 in 8
million cases, and the prion diseases, but the association
between prion-related diseases and the use of cadaveric fascia
lata is not documented.29,30 Given the vast and positive
experience gained in the use of homologous materials and
the results in terms of safety and effectiveness, we applied, for
the first time to our knowledge, homologous fascia lata in
endoscopic transsphenoidal repair of CSF intraoperative lea-
kages and postoperative CSF fistulas in a series of 16 patients.

From an anatomical point of view, the external aspect of
homologous fascia lata (originally interfacing the subcutane-
ous fat of the thigh) has a smooth surface characterized by
dense connective tissue fascicles, unlike the inner aspect
(originally interfacing muscular tissue) that appears stickier.

Fig. 4 Endoscopic view of the extrasellar layer completely covering the sellar
floor and part of the posterior sphenoidal sinus. c, clivus; es, extrasellar.

Fig. 5 Schematic drawing showing the three-layer reconstruction technique with homologous fascia lata. dm, dura mater; ed, extradural; es,
extrasellar; id, intradural; if, intradural fat; sf, sellar floor.
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Intraoperatively, when possiblewe place three layers of fascia
lata: intradural, extradural, and extrasellar (►Fig. 5). During
the reconstruction of the extradural and extrasellar layers,
the fascia lata graft is arranged and laid so the sticky aspect is
oriented upward interfacing the dura and the demucosized
bone. Similarly, the inner intradural layer is set so the sticky
part lies inward in contact with the intrasellar fat graft, which
serves as a buttress to keep the fascial graft in place. Such an
orientation of the fascia lata layers prevents the contact
between the two sticky aspects, thus easing themanipulation
and arrangement of the extradural fascial layer, usually the
trickiest to place.

Somemight argue that the intraoperative finding of CSF leak
during standard endoscopic transsphenoidal approaches does

not require the multilayer closure technique needed for extend-
ed approaches. Esposito et al presented a grading of CSF
intraoperative leaks, with a related repair strategy according
to which “low-grade” CSF leaks can be repaired less invasively,
whereas larger defects requiremore extensive reconstructions.3

Although we do agree that grade 1 leaks can be duly managed
with simple sellar and sphenoid packing (e.g., with autologous
fat grafts), nonetheless some transsellar approaches (e.g., for the
complete removal of invasive pituitary adenomas) can entail a
diaphragm sellae defect comparable with extended approaches
(►Figs. 6 and 7). Therefore, we believe that a clear distinction
between standard and extended approaches should not dictate
the closure technique, which should always be meticulous and
reliable. A standardized reconstruction technique might also
decrease complications and failures.

In our series of 16 cases, the closure technique with
homologous fascia lata never failed. The 12 cases with
intraoperative CSF leakage did not experience postoperative
rhinoliquorrhea, and the 4 cases operated for rhinoliquorrhea
had no leak recurrence. In these last four cases of iatrogenic
CSF fistula repair, during the original transsphenoidal surgery
sellar reconstruction entailed the use of a fat graft with a

double intra-extradural layer of sphenoidal mucosa in two
cases and a singlemucoperiosteal layer in one case, and only a
fat graft layer in the last case. In all these four cases a fibrin
glue seal overlay was always performed. Despite sellar pack-
ing with fat graft and the use of fibrin glue, the closure failed.
Therefore homologous fascia lata, probably due to its specific
characteristics, proved effective in providing a watertight
sellar closure when used in combination with autologous
fat and fibrin glue, which did not have the same reliability
when associated with materials other than fascia lata (i.e.,
sphenoidal mucosa and mucoperiosteum).

With the limits of our small preliminary series and a
retrospective review, sellar repair using homologous fascia
lata has always proved effective in terms of clinical outcome.

Fig. 6 Endoscopic close-up of a large arachnoidal defect after removal
of a macroadenoma. ar, arachnoid; dm, dura mater; oc, optic chiasm;
p, pituitary gland.

Fig. 7 (A) Endoscopic view of the sella after tumor removal. A large arachnoid defect is visible. (B) The endoscope is advanced into the arachnoid
defect, showing third ventricle structures. c, clivus; chp, choroidal plexus; dm, dura mater; ds, dorsum sellae; mf, Monro foramen; ps, planum
sphenoidale; sf, sellar floor.
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Conclusion

Fascia lata constitutes a preferred autologous grafting mate-
rial for reconstruction after endoscopic transsphenoidal sur-
gery. We believe its efficacy, reliability, and safety make
banked homologous fascia lata graft a viable alternative to
autologous material. In our opinion, an accurate multilayered
strategy is the best way to avoid the complication of a CSF leak
and represents the correct choice when possible. Higher
levels of evidence are needed to assess the actual impact of
a banked homologous graft in terms of clinical outcome.
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